Emissions of gases and particulates in urban areas are associated with a mixture of various sources, both natural and anthropogenic. Understanding and quantifying these emissions is necessary in studies of climate change, local air pollution issues and weather modification. Studies have highlighted that the transport sector is key to closing the world's emissions gap.
Introduction
Since the pre-industrial era, the climate changes driven by anthropogenic emissions are one of the most pressing challenges faced by human development. Researchers have highlighted the effects of human activities on air quality, terrestrial ecosystems and global climate changes (Ramanathan et al. 2001; IPCC, 2014; Ashfold et al., 2015) . The fast economic and population growth 40 with a consequential increase in the number of vehicles has contributed significantly to the greenhouse gas (GHG) emissions and other and pollutants, therefore, affect the climate in global scale (Chapman, 2007; Stanley et al., 2011) besides bringing several adverse consequences on human health (Afroz et al., 2003; Abe et al., 2016; Scovronick et al., 2016; Yoshizaki et al., 2017) . The GHG emissions associated with the transport sector have increased at a faster rate. Kahn et al. (2007) shown that in 2004, the transportation sector was responsible for 23% of the world's GHG emissions with about 75% coming from road vehicles. Recent 45 studies suggested that of the atmospheric emissions the vehicle fleet is globally responsible for 30% of NO x , 25% of PM2.5, 54%
of CO and 14% of CO2 (Vasconcellos, 2006 , Sokhi, 2011 Karangulian et al., 2015) . Additionally, Sims et al (2014) shown that in 2010 the GHG emissions from the transport sector continued to increase at a faster rate more than any other sector with 7.0 Gt CO 2eq this represents more than the doubled since 1970 (2.9 Gt CO 2eq ), 53% of these increase are from passenger modes and the 47% are freight mode, totaling 5 Gt CO 2eq . The authors consider that more knowledge is needed about the worldwide potential 50 for GHG emission reduction from the transport sector and that potential reduction is much more certain for passenger modes.
During the United Nations Conference of Parties 21 (UN COP21) Climate Change Conference, it was highlighted that the transportation sector is key to closing the world's emissions gap (Ebinger et al., 2015) . The world's emissions gap represents the difference between the emissions levels that countries have pledged to achieve under the Paris Agreement to combat climate change. The main goal is to hold the increase in the global average temperature to below 2.0°C, compared to pre-industrial levels 55 and consistent with the global effect of the Intended Nationally Determined Contributions (INDCs) (Rogelj et al., 2016; UNEP, 2017) .
However, an air pollution monitoring network in many urban areas is either unavailable or inadequate. Alves et al (2014) suggested that in Brazil only 1.7 % of the cities have an air pollution monitoring network, which represents 1.3 stations per 1 million inhabitants. These numbers are considerably lower than those in the U.S. (16 stations per 1 million inhabitants) and 60 Europe (14.8 stations per 1 million inhabitants). Thus, vehicle emission inventories are a simple and needed approach that would provide a baseline estimate of on-road emissions on several scales. This information is essential to areas with incomplete or nonexistent monitoring networks (Nagpure and Gurjar, 2012) and to constrain pollutants surface fluxes for numerical air quality models (Coelho et al., 2014; Lozhkina and Lozhkin, 2015; Vara-Vela et al., 2016) . As a means to minimize this gap in monitoring network, some studies suggested in general, two different approaches: top-down and bottom-up. The top-down 65 approach uses values of annual emissions assessed at national levels; these emissions are spatially disaggregated at different levels by statistical indexes (e.g. population density, average number of trips, etc.). However, the 'bottom-up' approach is more accurate and uses data at local and municipal levels (e.g., locally measured emission factors, vehicular activity, fuel consumption, traffic characteristics, fleet characteristics, length of road, etc.). In several studies, both methods are utilized for improving the accuracy of the emissions calculations applying a downscaling national emission, therefore disaggregating 70 atmospheric emissions from the national scale to a city-scale (Kuenen et al., 2014; Janssens-Maenhout et al., 2015; Trombetti et al., 2017) . In addition, Dios et al. (2012) suggest combining top-down and bottom-up methodologies for high-resolution inventories. However, despite efforts Zhou et al (2017) suggested that direct application of downscaled global emission inventories in chemical transport and air quality models, may not be a good solution to reproduce the real evolution of atmospheric pollution processes at smaller spatial scales suggesting that the application of downscali ng produces emission 75 overestimates.
3
Recent efforts have been made to develop vehicle emission inventories for several urban areas (Song et al., 2006; Bellasio et al., 2007; Jing et al., 2016; Andrade et al., 2010; Alonso et al., 2010; Venegas et al., 2011; Zhou et al., 2014) . Particularly, a few years ago, in South America studies have reported information on vehicle emission inventories on a national scale or for specific cities. Gallardo et al. (2012) presented an evaluation of vehicle emission inventorie s for CO and NO x at Bogotá (Colombia),
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Buenos Aires (Argentina), Santiago (Chile) and São Paulo (Brazil). Puliafito et al. (2017) , Puliafito et al. (2015) , Venegas et al. (2011) have suggested a spatial disaggregated emission inventory in high resolution for Argentina. Alonso et al. (2010) developed an urban emissions inventory for South America based on the analysis and aggregation of local inventories of nine megacities, using socio-economic data of the region and correlation between vehicle density and mobile source emissions. This information was extrapolated geographically and distributed using a methodology that delimits urban areas using high-resolution 85 satellite data and finally was integrated with worldwide emissions databases. In Brazil, several studies reported information on vehicle emission inventories in specifics cities such as Federal District (Réquia Júnior et al., 2015) ; Rio de Janeiro (Duarte et al., 2013) ; São Paulo (Andrade et al., 2004; Vivanco and Andrade, 2006; Martins et al., 2006; Gallardo et al., 2012) ; Campinas (Ueda and Tomaz, 2011) . However, despite the efforts to implementer an air pollution monitoring network in national scale the North, Northeast and Midwest regions of Brazil are characterized do not have emission-specific inventories at local and 90 municipal levels.
In Brazil, in the North Region located in middle of the world's largest rainforest is the city of Manaus, which stands out for being a large urban area surrounded by primary tropical forests (Martin et al., 2016; Cecchini et al., 2016) . Given such an environment, it is key to study the impact that Manaus has on atmospheric conditions. Studies have shown that the Amazon rainforest is sensitive to the variability and changes in the climate system due to both natural variations and anthropogenic 95 actions, such as the increase in the concentration of GHG and aerosols in the atmosphere and changes in land use and land cover (LULC) (Fearnside et al., 2002; Artaxo et al., 2006; Betts et al., 2008; de Souza e Alvalá, 2014; Marengo e Espinoza, 2015) .
Previous studies of emissions have shown the effects of anthropogenic impact on the Amazon basin generally focused on biomass burning-related occasions (Artaxo et al., 2002; Roberts et al., 2003; Andreae et al., 2004; Freud et al., 2008; Martins and Silva Dias, 2009; Artaxo et al., 2013) . However, over the last years, several researchers have highlighted the effects of the 100 Manaus plume pollution on the chemical properties of the local and remote atmosphere (Kuhn et al., 2010 ; Trebs et al., 2012; Rizzo et al., 2013; Bateman et al., 2017) . During 2014-2015 the experiment Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5) was performed in the Manaus metropolitan area, the objective being to understand and quantify the impact of the pollution plume from the Manaus urban area on the complex interactions among vegetation, atmospheric chemistry, and aerosol production as well as their connections to aerosols, clouds, and precipitation (Martin et al., 2016) . As part 105 of the GoAmazon2014/5 Experiment, the most recent results indicate that Manaus pollution plume impacts in the microphysical properties (e.g., smaller effective diameters and higher droplet number concentrations) of warm-phase clouds during wet season (e.g., Cecchini et al., 2016) . In addition, de Sá et al. (2017) suggested that urban pollution is responsible for the increased emissions of nitrogen oxides and decreased particulate matter (PM) compared to background conditions at Amazon rainforest.
The authors indicate that this results corroborating with some futures scenarios of Amazonian economic development. In this 110 context, the possible change of PM production would imply in alterations on air quality and regional climate.
Therefore, given such an environment it is key to quantify mobile sources emissions of Manaus city. Specifically, the purpose of this paper is to develop a vehicular emission inventory along the main traffic routes based on vehicle activity data and l ocal emission factors using a bottom-up methodology.
Geosci. Model Dev. Discuss., https://doi.org/10.5194/gmd-2018-81 Manuscript under review for journal Geosci. Model Dev. (Fisch et al., 1998; Wang and Fu 2007; Nobre et al., 2009 ). In the wet season, the Manaus plume aside, the Amazon basin is one of the cleanest continental regions on Earth (Andre ae, 2007; Martin et al., 2010) . In general, the preferential wind direction is from the Northeast (NE), featuring the occurrence of the breeze 135 circulation in the same direction as the trade winds. Santos et al. (2014) observed that during the wet season, the trade winds flows more frequently from the Northeast (NE), while in the dry season they flow from the Southeast (SE). It has been suggested that these features are modulated by a land breeze circulation that is induced by the thermal gradient between Manaus City and the river water surfaces.
General methodology description
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In this study, we applied a bottom-up approach to develop a vehicular emission inventory for the main anthropogenic emissions of an urban area: carbon monoxide (CO), nitrogen oxide (NO x ), methane (CH 4 ), particulate matter (PM), carbon dioxide (CO 2 ) and non-methane hydrocarbon (NMHC). Thus, given a segment of road we established an hourly traffic profile for each vehicle category. Therefore, the emissions were calculated as follows in Eq. Due to the significant differences among different vehicle classifications, the emission factors were separated by the vehicle category. However, it was not possible to determine the exact age and fuel type of vehicle on a segment of road i at moment j.
Thus, we used the existing classification method established by the Brazilian Ministry of Environment by which the vehicles have been summarized into 4 classes as follows: light vehicle -LV (e.g., passenger car, taxi); motorcycle; public transportation bus, and heavy-duty truck -HDT (e.g., truck). The grouping intends to reflect the different fuels used and fleet-based functions 155 for private and public transport or transport of goods.
The method to calculate VKT in a given time j for a segment of road i is to multiply the length of a road segment (L i ) by the volume of traffic of category c on that segment i in a given time j, as shown by Eq. (2):
.
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It is important to note that the VKT calculation does not include travel on all Manaus roads. Small residential streets are not used in the VKT calculation; the traffic volume varies or the traffic count sample on these roadways is too small or frequently inexistent to make a reliable estimation. (Table 1) .
Traffic flow, vehicle activity, vehicle density and emission factors
Spatial Evaluation
To 6 comprehensive tool that aims to prepare emission fields of trace gases and aerosols for use in atmospheric-chemistry transport models (Freitas et al., 2011) .
3 Results and discussion
This section introduces our bottom-up vehicle emission inventory for the Manaus urban area, as resulted from applying the methodology described above and data and information locally collected. Traffic density has been intensively monitored for a number of years in the Manaus urban area; however, we only considered the data information for years 2014 and 2015. 230 vehicles; in contrast, for the inventory proposed here, we used an area of ~447 km 2 and a total of ~622,000 vehicles.
Conclusion
This paper introduces a detailed bottom-up vehicular emission inventory developed for Manaus, the capital of Amazonas (Brazil), based on local information and on the city scale. 
